In this paper we analyze a real 
Introduction
When one calls to mind collaborative design, some concepts are commonly accepted. for example the necessity to work synchronously and use efficient modeling tools. We are going to examine in detail these accepted concepts, among others. by analyzing an international design project in the field of CAD training for students between two universities. one located in France. the other in United States of America.
For some years, a few experiments of collaborative work tools use have been conducted at the University of Technology of Compiegne (UTC) in France. In the Taxia project [I] , a hundred of students froin twelve engineering schools in France were tasked with the design realization of an industrial vehicle prototype. During the project, the communication aspect of this project and distributed work methods were approached.
Another experience, the "Computer Aided Design Across Universities" (CADAU) [2] project, between the Mechanical System department at the University of Technology of Compiegne (UTC, France) and fhe Mechanical Engineering department at Iowa State University (ISU, Ames, Iowa) began in September 1999. The students had to design a common product [3]. This project is very clearly described and results are discussed in [4].
A research project called "Agent d'Aide a la conception cooperative" (AACC) has emerged after the CADAU project was implemented, to propose better collaborative design environments. The aim of the study is to detect any problem or any specific task during the educational CAD project in order to help the user_ and to understand the reasons of success and failure while designing. To be able to capture design intent, and quickly answer the user needs, an intelligent agent is necessaty. But the agent can't work on a huge quantity of information such as mails, CAD files etc. In order to build it, we propose early stages of a tasks ontology in collaborative mechanical design, between UTC and ISU.
First, we describe [part 21 the educational design project and its main elements. Then we present the first results of the collaborative design tasks analysis [part 3 and 41. Parts V and VI approach the difficulties experienced by the students with the modeling environment and the collaborative environment respectively. In part VI1 we discuss students perturbation related to distance collaboration. The tasks ontology for the assistant agent is proposed in part 8. To realize the second goal, a design project is proposed to some groups composed of students from both countries. These groups have to organize themselves to design a product which will tit to the required specifications. Taking into account the limited time for the experience (three months of height hours a week), the project doesn't include tolerance analysis and optimization o f the design process.
A framework

Course introduction
At the beginning o f the semester, the project is introduced (figure I ) to the students by the two supervisors simultaneously Dr Ramond (UTC) and Dr Quamhiyah (ISU), respectively. At the first class, a "project schedule" is proposed to the students. French and American teams have to provide a common report at each deadline, to present their work progress.
The class includes lectures and labs. The tirst lab is devoted to the presentation of the requirements of the product to be designed. 
Inter cultural collaboration and early design
After the initial contact, the teams began to define the specifications which are supposed to be common to the mixed team. At this students project stage, we are able to observe the "motivation" or "demotivation" for collaboration. Reactions to the collaborative workspace emerge: the choice to use it completely, partially or not at all. This is related to the difficulties experienced by the students with technical or cultural communication, as we will see below.
This early stage of discussion and imagination is very important but rarely capitalized. The sketches and exchanges observed by the supervisors are lost and the team conversations are not stored. The computer tools to help this aspect of the work do not exist and the students draw some rough sketches on paper. Then they scan these documents to send them to their teammates.
As expected in the general design process, after the detailed specifications are defined, each team runs a market study, an analysis of existing products, and looks for documentation. After this step, they start proposing ideas for the new product to be developed.
Technical questions such as respect of standards, safety, length, size, weight, and appearance and price constraints are examined in order to build a common prototype. Discussions about I IOV or 22OV electrical standards in USA and France or the metric system, show that cultural impact is extremely important for the product definition.
The figure below summarizes our observations of product representation and use as related to the country culture. shopping.
Impact of collaborative design stages on modeling
After the first product sketches, we observed a phase of research and solution evaluation, with discussions and the elimination of complex or nonadequate solutions. This situation lacks computer aid, knowledge management and information storage. The final proposition for the mechanical design is strongly related to these discussions, and most of them are lost.
Next the final product is modeled. Students begin to work on separated elements, with a CAD tool: this means that they have a very precise idea of what they want to represent at this time of the project. We can conclude that modeling doen't not demand a collaborative effort as important as the preceding stages.
Taking into account the project context, project management is often lacking. Some students work separately, and do not collaborate at all. Others work together at the beginning. then use the modeling tool in parallel, to do the assembly at the end if possible. Very few have an interest in project management. However, among those who collaborated strongly, we observe a precise task definition and repartition in the team.
Modeling environment difficulties
During labs, the supervisors observed that students do not model easily. do not choose a good method which is understandable. Each team works independently and sometimes wants to force the CAD tool to do what they want, without taking into account the tool "logic".
Another point is that the students are not always conscious of the module they use in the modeling environment, and do not know how to access the one which interests them. CAD software has adopted a "windows look" where all the menus and windows may be adapted to the user. Every one can setup his or her own work space, which is very useful when he has a good knowledge of the tool, but may be very disturbing while training. The students need minimal and easy to access documentation on modeling, referring to the tool, and they need to identi@ in which module they need to work.
Modeling is not supposed to be realized with a rigid methodology; it depends strongly on the CAD tool. and over all, on the users. It can be interesting to look for standard components, but the risk is that students do not completely model their project and only do product assembly.
Here, we notice that the collaborative aspect is not tremendously important. On the other hand, it would be interesting to capitalize problems and to offer documentation aid. Also, information related to industrial mechanical design projects are rarely available, and the students are not able to access them easily.
Collaboration environment difficulties
The first problem is language: French students need help in English, and ask for email translation. On line translation with Aka vista or other sites is not satisfying, which leads to a poor understanding of received and sent mails by French students, and obscure writing. American students do not usually learn foreign languages.
Different in time zones is surprisingly not a problem: messages have to be read, translated and understood , and this takes time. For the low level at English for a French student, it seems that an asynchronous communication is better for collaboration. This is something important in a real collaborative CAD project, even if the idea of a synchronous work is attractive.
The second problem is that of the academic calendar which is different between France and the United States. For example, during examination weeks, students have difficulties communicating: the lack of contact between teams induces a loss of motivation.
The collaborative work environment represents the third problem. Students do not use it for several reasons: 0 Because they need training to use the tool, and they are lost with the online help 0 Because this tool is limited by the universities computer security (this is solved easily when the problem is identified).
Students prefer to use their personal mail: a heavy loss for the collaborative work analysis is then generated due to emails dispersion. The collaborative tool is seen as unintuitive particularly for CAD file exchanges. Teams do not go to the collaborative space to read information on the CAD project. File management and workflow are not taken into account. American and French students don't have exactly the same training, and do not work in the same way. For example, the semester number of hours lecturers and labs are not the same in each country. Students have to find a good compromise for the working rhythm. There is a more general problem in CAD project collaboration: the perecption of the precsence of the other team, and the impression that one or several human beings are at the other side of the ocean to work on the same project.
Presence perception and inter cultural awareness in distance collaboration
The main difference between a team which succeeds in collaborating and another which collaborates less seems, according to the supervisors, to be related to a common motivation, hence a presence perception and a cultural understanding between teams. The students have difficulties in working with persons they have never met physically.
Best collaboration was performed by teams having an experience concerning the other country : French students who have spent one year exchange in USA, or American students who had taken courses of French language. Some of the students had taken a class about inter cultural management. The French and American professors had never met before the project. They met three months after the start of the project, but this was not a problem for the beginning of the course. Some students had negative preconception of other cultures.
Through this experience, it is easy to understand that common motivation and desire to collaborate are related. In particular, in very early mechanical design before modeling, the cultural differences (I1 b) may influence strongly on the adopted solutions. Collaboration has to be clear and efficient from the beginning, and to perform it, it seems that presence feeling or "cyher presence" should he examined. This feeling is reinforced according to Giuseppe Mantovani 161 when users work with the same tasks ontology, the one who are concerned by collaborative mechanical design in our case.
We have therefore analyzed more deeply these tasks in order to define a common collaborative design tasks ontology to help users both for collaboration and , mechanical design. To capture design intent. instant creation [4] and the teams shared ideas, we build a common space where an intelligent agent will be able to operate for knowledge management [7] and for help while performing the project. In addition, this common space, related to a common ontology, facilitates a close collaboration: students feel more comfortable in a common familiar environment.
In figure I , we represent how the intelligent agent [9] or the "personal assistant agent" is positioned between the user, the collaborative space and the public space.
The assistant agent is not supposed to act on the users work, but may offer them information they need just in time.
For dimensioning, for example, the agent can propose previous projects reports by students with the same scope. It can also index documents to share and organize information. This part of the research project is presented by. Fabrizio Enembreck (AACC member)
[IO]. 
Tasks ontology
In fact, these tasks don't appear even if students have realized them in their team. without collaborating with each other. Choices are not clearly argued. or the discussion seems to be lost. As it is difficult to establish an ontology [8] in these conditions. we separate the ontology related to modeling, and ontology related to collaborative design without the modeling part.
An ontology is defined by a concept hierarchy, links between concepts ansd inference rules. In this paper, we will only present the concept hierarchy reduced to the terms (a concept is named by a term).
Ontology related to a modeling tool
For this project, students have used a popular CAD tool, Pro Engineer (PTC), in the two universities. This way, they adopted the corresponding domain ontology. This tool is widely explored and well implemented in the CAD community.
Some tasks like "extrusion" can't be done if another task, like a "sketch" (2D drawing), is necessary before. Modeling tasks are clear, and managed by the user, with the CAD tool directly. Of course the related ontology doesn't represent the vocabulary and complexity in mechanical design. Nevertheless, we don't considered it useful to list all the terms used by Pro Eng: the CAD tool can't be modified, and the modeling intent can't be clearly seen by an assistant agent, even with a tasks ontology for modeling. In addition, there are a lot of CAD tools using modeling and assembly ontology, and each tool is a strong guide for the user.
Ontology related to mechanical design before the modeling stage
After the project development analysis, we have collected implicit and explicit tasks. Explicit tasks were detected with indications in mails like "we would like to build the vacuum cleaner with 12 volts continuous power battery to have a wireless system" or "it is probably easier to work with the International measurement system (meter second kilogram)".
Concerning implicit tasks, we have imagined them for when a team proposes a solution where no problem is issued. For example, when a team writes '' we have received your options and we both prefer the second one because ...", it is necessary to come back to the possible options referring to the answer.
We have defined and organized these tasks using an ontology [SI. This task ontology contains subontology. For example, among the collected tasks, some are related to consulting (Figure 2 ) between the teammates. Other tasks require a personal work as looking for ideas, or solutions or analysis (Figure 3) . Figure 2 illustrates an extract of the tasks subontology where students have to consult themselves. The use of a task ontology allows the agent to clear up affected tasks and to position them among the whole design process. Based on the tasks ontology,for example, the agent will be able to detect a standard choice task and propose to the students some web sites on this subject. Or the agent will be able to detect a communication task and will memorize the exchanges related to this task.
I70
This ontology will be completed and enhanced by new educational projects with other countries.
Conclusion
In this paper, we analyzed a real collaboration experience for a mechanical design project between France and the United States which enables students from Iowa State University and University of Technology of Compiegne to work together on a common project (CADAU project). The analysis is a research project (AACC) developed at UTC to understand and improve collaborative design environments. The conclusion of this analysis is that:
-The mechanical design environment is not complete, particularly in the early phases of the design process where exchanges, discussions, solutions propositions are not capitalized or aided -The collaborative environment is not fully exploited, and is not providing easy communication, intuitive access and documentation Inter cultural awareness is a very important point: it means foreign language learning, but also a different view of new product according to the culture for appearance, functions, standards.
-The adaptation effort for international collaboration may lead to a demotivation or a loss in the desire to collaborate, which has to be understood and anticipated. We propose early stages of a tasks ontology, common to both cultures in order to provide a personal assistant agent to the user during the international collaborative design process. This work is in progress and we plan to complete it with future students projects. The assistant agent is also an ongoing work.
In a near future, this collaborative CAD class will be extended to Brazil and Romania, to reinforce the multicultural aspect of the collaboration. and we are considering a virtual environment development to collaborate intuitively. 
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